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1682-606X/Copyright ª 2015, TaiwanAbstract Background/Introduction: Minimally invasive esophagectomy is a complex opera-
tion in which creating a healthy gastric substitute is crucial. The present study evaluated a
novel method of reconstructing the intracorporeal laparoscopic gastric tube on the basis of
surface blood supply to the stomach.
Purpose: To study the feasibility and safety of a novel method of laparoscopic gastric tube
reconstruction.
Methods: After the complete mobilization of the stomach, the stomach was intracorporeally
stapled along the watershed area between the blood supplies of the lesser and greater curva-
tures. Subsequently, the gastric tube was pulled up to the neck for end-to-side cervical eso-
phagogastrostomy. Perioperative data were prospectively collected for the first 20 patients
who had undergone this novel laparoscopic gastric reconstruction at our institute. The descrip-
tive statistics are reported in this paper.
Results: We enrolled 20 patients (18 men and 2 women) with esophageal cancer who were
admitted to the Koo Foundation Sun Yat-Sen Cancer Center, Taipei, Taiwan between January
2013 and December 2013. The mean operative time was 7.10  1.08 hours, and the mean oper-
ative blood loss was 118.00  79.71 mL. The average length of the gastric tubes above theave no conflicts of interest or financial ties to disclose.
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204 B.-Y. Wang et al.sternal notch was 7.65 cm (w5.0e15.0  2.40 cm); the average width of the gastric tubes was
3.74  0.47 cm. No case required conversion to open surgery, and only one patient (5%) expe-
rienced a minor anastomotic leak. The overall complication rate was 45% (predominantly
involving postoperative transient hoarseness), and no surgical mortality was observed in this
study.
Conclusion: Total laparoscopic intracorporeal gastric tube reconstruction based on anatomical
characteristics of the surface blood supply to the stomach is safe and feasible.
Copyright ª 2015, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Advances in endoscopic instruments and surgical tech-
niques have considerably improved minimally invasive
esophagectomy (MIE). The minimally invasive approach to
esophagectomy described by Luketich et al1e3 has resulted
in morbidity, mortality, and oncological outcomes compa-
rable with those of conventional esophagectomy.
Gastric tube reconstruction after esophagectomy is
associated with a high risk of anastomotic leakage.4,5
Anastomotic leaks are multifactorial, with insufficient
blood supply at the anastomotic site of the gastric tube
being the major cause.6 Maintaining sufficient blood supply
and ensuring adequate gastric tube length are crucial while
planning cervical anastomosis. MIE and laparoscopic gastric
tube construction were adopted at our institution in 2006
and 2007, respectively. We developed a safe and effective
method of gastric tube construction that ensures adequate
gastric tube length and vascular supply. Here, we describe
this novel procedure and analyze its postoperative
outcomes.
2. Methods
2.1. Patients
Twenty patients with esophageal cancer had undergone
minimally invasive McKeown esophagectomy at the Koo
Foundation Sun Yat-Sen Cancer Center, Taipei, Taiwan be-
tween Jan 2013 and Dec 2013. According to our institute’s
Preoperative Standards of Care, before receiving a defini-
tive treatment, all patients were comprehensively evalu-
ated through a physical examination, routine lab
examination, upper gastrointestinal panendoscopy, endo-
scopic ultrasound, bronchoscopy, chest and upper abdom-
inal computed tomography (CT), and positron emission
tomographyeCT. Informed consent was obtained from each
patient before treatment.
Primary esophagectomy was performed in patients with
T1bN0M0. Neoadjuvant chemoradiotherapy was provided to
patients with esophageal cancer staged as T1b or higher, or
if lymph node involvement without distant metastases was
suspected. After the neoadjuvant treatment, all patients
were restaged, and only those without distant metastases
and T4b lesions were considered for esophagectomy. We
used endoscopic surgery as the first operative approach in
all resectable patients. If complications, such asuncontrolled bleeding, occurred during the operation, sur-
geons converted the MIE to open thoracotomy or
laparotomy.
We collected clinical data, namely age, sex, comorbid-
ities, perioperative measures, operative time, blood loss,
gastric tube reconstruction details, ventilation days, post-
operative complications, length of hospital stay, and tumor
characteristics. Anastomotic leakage was defined as the
spillage of saliva or gastric contents at the cervical wound
or contrast extravasation during esophagography.
The diameter of the gastric tube was measured using a
hand-held ruler under a laparoscopic view. Chest length
was defined as the distance from the sternal notch to the
xiphoid process. Gastrostomy was performed at the apex of
the gastric tube for applying the circular stapler before
performing end-to-side cervical esophagogastrostomy.
Arterial and venous bleeding on the cut edge of the gas-
trostomy were meticulously recorded, which served as a
useful real-time indicator of perfusion at the apex of the
gastric tube.
Regarding postoperative complications, pneumonia was
defined as fever with positive sputum cultures and chest
radiographic evidence of consolidation. Hoarseness was
defined as clear voice changes after extubation. Surgical
mortality was defined as death during the postoperative
hospitalization period or within 30 days of the operation.
2.2. Procedure
After thoracoscopic esophageal mobilization, the patients
were placed supine in the reverse Trendelenburg position,
with the bilateral lower extremities placed in the abduction
on footboards. Five abdominal trocars were placed at
standardized locations. The first 12-mm trocar was placed
at the umbilicus for carbon dioxide insufflation and lapa-
roscope insertion. The second 12-mm trocar was placed at
the right paramedian site for applying the Endo-GIA stapler
(Ethicon Endo-Surgery, Somerville, New Jersey, USA).
Furthermore, three 5-mm trocars were placed at the left
epigastrium and bilaterally at the subcostal plane of the
midclavicular line for dissecting and cutting instruments.
The stomach was mobilized with a careful preservation of
the right gastroepiploic artery and right gastric vessels
while surgeons harvested the adjacent lymph nodes.
Before stapling the stomach into the gastric tube, sur-
geons identified three anastomotic characteristics: the
incisura angularis, surface blood supply to the stomach, and
fundus. First, the incisura angularis of the stomach was
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Cutter (Ethicon Endo-Surgery) for constructing the gastric
tube (Figure 1A). In this area, the well-known crow’s foot is
formed by vessels and nerves, restricting the mobility of
the lesser curvature of the stomach. Therefore, we
preferred devascularizing this area for improving mobility.
Second, the watershed area of the vascular supply be-
tween the lesser and greater curvatures was identified,
marking the point for applying the EndoCutter along the
greater curvature to the fundus (Figure 1B).
Third, the gastric fundus was identified and grasped by
an assistant (Figure 1C), serving as the endpoint for the
applied EndoCutter. This point should be adequately
distant from the esophagogastric junction, which may
require irradiation during induction chemoradiotherapy.
Stomach stapling is initiated using an EndoCutter
(60 mm/3.8 mm, copper cartilage; Ethicon Endo-Surgery)
at the incisura angularis, positioned toward the greater
curvature of the stomach and traversing approximately half
the width of the gastric tube, reaching the watershed line,
as stated earlier in the text. Five or more EndoCutter car-
tridges (60 mm/3.5 mm, blue cartridge; Ethicon Endo-
Surgery) may be required for completing the gastric tube
construction along the watershed line to reach the fundus.
After constructing the intracorporeal gastric tube, sur-
geons measured the diameter of the gastric tube by using a
hand-held ruler and the laparoscope (Figure 1D). The tip of
the gastric tube was then sutured to the lowest portion of
the gastric cardia through laparoscopy and was ready to be
pulled up through the esophageal bed to join the cervical
esophagus in the left neck.
The cervical esophagus was exposed through an oblique
incision on the anterior border of the sternocleidomastoidFigure 1 (A), The spot where the first EndoCutter for construct
stomach. (B) A slender gastric tube is constructed on the basis of th
width. (C) An appropriate traction is applied on the greater curva
diameter of the gastric tube is measured using a hand-held ruler umuscle. The apex of the gastric tube was pulled out from
the cervical incision under laparoscopic guidance to pre-
vent torsion. A thin and long gastric tube can easily pass
through the hiatus and thoracic inlet without tension.
However, a bulky gastric cardia with internal gastric con-
tents may occasionally complicate the passage through the
thoracic inlet; such cases require additional care and
effort.
Because the staple line on the gastric tube is rigid, the
greater curvature and not the staple line should be lever-
aged during the pull-up maneuver. Moreover, the pins
along the staple lines on both the gastric tube and cardia
should be removed before the pull-up maneuver, because
these pins may tear structures, such as the membranous
portion of the trachea, skeletonized during the
esophagectomy.
After pulling the gastric tube to the neck, its length and
width above the sternal notch were measured and docu-
mented. In addition, the perfusion on the cutting edge of
the gastrostomy was recorded. End-to-side cervical esoph-
agogastrostomy was completed using a circular stapler; a
21-mm stapler (Ethicon Endo-Surgery) was preferred. The
gastrostomy was closed using a blue cartilage stapler, thus
completing the reconstruction.2.3. Pathological examination
All specimens were pathologically examined after preser-
vation in 10% neutral buffered formalin. All patients were
staged according to the seventh edition of the American
Joint Committee on Cancer TNM staging system.7ing the gastric tube is applied on the angularis portion of the
e surface blood supply to the stomach and not the gastric tube
ture side of the stomach to form a long gastric tube. (D) The
nder a laparoscope.
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Continuous data were expressed as mean  standard de-
viation. Data were analyzed using SPSS software (version
12.0; SPSS Inc., Chicago, IL, USA).
3. Results
Between March 2013 and December 2013, 20 patients [18
men and 2 women; mean age, 54.5 years (Table 1)] who had
undergone minimally invasive McKeown esophagectomy
were treated through gastric tube construction. Perioper-
ative data are listed in Table 2. The mean operative time,
namely that of MIE and gastric tube reconstruction, was
7.10  1.08 hours, and the mean estimated operative blood
loss was 118.00  79.71 mL. No deaths or conversion toTable 1 Patient demographics (n Z 20).
n
Age, y, mean  SD (range) 54.50  9.84 (43e83)
Sex
Male 18
Female 2
Comorbidities
Hypertension 3
COPD 3
Cardiovascular disease 1
Tuberculosis 1
Liver cirrhosis 2
Peptic ulcer 1
Others 3
Neoadjuvant CCRT
Yes 15
No 5
CCRT Z concurrent chemoradiotherapy; COPD Z chronic
obstructive pulmonary disease; SD Z standard deviation.
Table 2 Perioperative data.
Variables Value
Operation time (h) 7.10  1.08
Blood loss (mL) 118.00  79.71
Ventilation day (d) 0.35  1.57
Length of ICU stay (d) 1.35  1.57
Length of hospital stay (d) 12.44  3.19
Conversion rate (%) 0
Surgical mortality (%) 0
Complication rates 9 (45%)
Anastomotic leak 1
Hoarseness 6
Pneumonia 1
Wound infection 1
Respiratory failure 1
Ascites 1
Data are presented as n, n (%), or mean  standard deviation,
unless otherwise indicated.
ICU Z intensive care unit.open surgery occurred in this study. The overall complica-
tion rate was 45% and predominantly involved post-
operative transient hoarseness. One patient experienced
minor cervical leakage on postoperative Day 9 and was
discharged on postoperative Day 12.
All patients had undergone gastric reconstruction
through the posterior mediastinal route with cervical
anastomosis. The average length of the gastric tubes above
the sternal notch was 7.65  2.40 cm (range, 5.0e15.0 cm).
The average width of the gastric tubes was 3.74  0.47 cm.
In all patients except one, both arterial and venous blood
oozing were confirmed at the edge of the gastrostomy on
the gastric tube. Venous blood oozing in one patient was
not confirmed, but the patient did not experience any leak
or stricture (Table 3).
The pathological characteristics of esophageal cancers
are presented in Table 4. Positive microscopic circumfer-
ential margins were observed in one patient, but all prox-
imal and distal margins were clear.4. Discussion
Minimally invasive McKeown esophagectomy includes three
stages: thoracoscopic esophageal mobilization, intra-
corporeal gastric tube construction, and cervical esoph-
agogastric anastomosis. Creating a healthy gastric substitute
is essential for successful esophagectomy. However, main-
taining sufficient blood supply and ensuring adequate gastric
tube length is challenging. The present study assessed the
safety and feasibility of laparoscopic gastric tube construc-
tion based on the surface blood supply to the stomach. Only
one patient in our study experienced minor cervical leakage,
which was well controlled with local wound care. No inci-
dence of gastric tube necrosis was observed. The mean
operative time of 7.10 hours, the mean operative blood loss
of 118.0 mL, and the average hospital stay of 12.4 days
endorse the feasibility of this surgical method.
The total or subtotal stomach is used as an esophageal
substitute because of its rich vascular supply and elasticity.
A gastric conduit 4e5 cm in diameter and supplied by the
gastroepiploic arcade is typically recommended.8 However,
Tabira et al9 demonstrated that the width of a gastric tube
does not affect the vascular supply, leakage incidence, orTable 3 Gastric tube reconstruction.
Value
Posterior mediastinal route 20
Chest length (cm) 20.71  1.77 (17e23)
Tube length above sternum (cm) 7.65  2.40 (5e15)
Tube width (cm) 3.73  0.47 (3.0e5.0)
Cervical anastomosis, EEA size
21 mm 17
25 mm 3
Bleeding over gastrostomy
Arterial & venous 19
Venous congestion 1
Data are presented as n or mean  standard deviation (range).
EEA Z entero-enteric-anastomosis.
Table 4 Pathological staging of esophageal cancer.
Variables n
Tumor location
Upper 3rd 2
Middle 3rd 12
Lower 3rd 6
Histology
Adenocarcinoma 1
Squamous cell carcinoma 19
Grade
Well differentiated 0
Moderate differentiation 20
Poor differentiation 0
Total Lymph node numbers 26.25  10.31
Positive lymph node numbers
T stage
T0 7
T1 3
T2 3
T3 5
T4 2
N stage
N0 11
N1 7
N2 1
N3 1
Resection margin
R0 19
R1 1
Intracorporeal laparoscopic gastric tubulization 207postoperative nutritional status. Luketich et al3 described
laparoscopic mobilization of the stomach and indicated
that a narrow gastric tube (3e4 cm in diameter) was asso-
ciated with an increased incidence of gastric tip necrosis
and anastomotic leaks; therefore, they recommended a
gastric tube diameter of 5e6 cm.
Rather than abiding by the width criterion during gastric
tube construction, we recommend designing the gastric
conduit according to its surface blood supply, a technique
that is more intuitive and efficient (Figure 1B).
Our modified intracorporeal method differs from con-
ventional gastric tube construction. We shaped the gastric
tube according to its surface vascular supply rather than
the gastric tube width. When gastrostomy is performed at
the apex of the conduit for applying the circular stapler,
arterial and venous bleeding at the cut edge are easily
observed, which serve as effective indicators of perfusion
at the apex. In our experience, a neoesophagus with an
average width of 3.74 cm is the optimum. Gastric tubes
constructed according to the surface blood supply have a
narrower diameter than do conventional gastric tubes. The
critical step in gastric tubulization is preserving the blood
supply of the gastric tube. Therefore, we suggest con-
structing the gastric tube on the basis of its surface blood
supply rather than the width of the gastric tube. Therefore,
considering the structure of the posterior mediastinum, a
slender gastric tube fits well in the narrow space of the
upper mediastinum. A wide gastric tube may cause lung
compression.10 A small-diameter gastric conduit empties
more efficiently, thus avoiding gastric stasis.11We previously reviewed 26 patients who had undergone
MIE between September 2009 and August 2010.12 The rate
of anastomosis leakage was 15.4% (4/26). Moreover, we
constructed the laparoscopic gastric tube on the basis of
the stomach width (5e6 cm). In 2013, we began con-
structing the gastric tube by shaping the tube according to
the surface vascular supply rather than the gastric tube
width.
Surgical assistants play a crucial role in laparoscopic
intracorporeal gastric tube construction. While the assis-
tant applies gentle traction on the greater curvature of the
stomach and appropriately aligns the stomach, the surgeon
accurately applies the staple cartridges (Figure 1C).
Because the staple line is rigid, its length on the gastric
tube should be longer than, or at least equal to, the length
of the reconstruction route. Consequently, at least five 60-
mm long EndoCutter cartridges are required for construct-
ing a gastric tube sufficiently long to reach the neck. In our
experience, the average length of the gastric tube above
the sternal notch was 7.65 cm. Because of the extra length
of the gastric tube, an anastomotic site away from the
esophagogastric junction, potentially the most ischemic
area of the gastric tube, can be selected. Anastomosis
should be as low as possible on the greater curvature of the
gastric tube and should be completely tension free.
Liebermann-Meffert et al11 demonstrated that a gastric
tube is mainly supplied by the gastroepiploic arcade and
that the contribution of the right gastric artery is negli-
gible. Thus, we created the anastomosis as close as possible
to the root of the right gastroepiploic vessels.
The present study has several limitations. An anasto-
motic leakage is multifactorial and is influenced by such
factors as the reconstruction route, anastomotic tech-
niques, neoadjuvant chemoradiotherapy, and gastric tube
size. In this study, the sample size was small, and the
quantity and quality of the arterial and venous bleeding at
the cut edge of the gastrostomy were difficult to measure.
In conclusion, we recommend the use of surface blood
supply to the stomach as the main determinant of gastric
tube construction. According to our outcomes, we conclude
that the laparoscopic intracorporeal method of gastric tube
construction is safe and feasible for creating a gastric
conduit after esophagectomy.References
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